Examination of the small intestine of pigs with proliferative haemorrhagic enteropathy showed changes consistent with defects in vascular permeability. Early in the disease there were many eosinophils and distention of lacteals and intercellular spaces with proteinaceous material. Later the predominant features were red blood cells and exudate in tissue spaces. This was most severe and extensive at the tips of villi which were covered by a cast of cells and fibrinous exudate. Adenomatous intestinal mucosal cells contained organisms that were free within the apical cytoplasm and were morphologically identical with those seen in the related disease, porcine intestinal adenomatosis. Also these bacteria were seen free in the subepithelial mucosal area, in blood vessels and within membrane-bound vesicles in phagocytic cells in the mucosa and its blood vessels. Mast cells were prominent in some areas as were thrombosed vessels.
The lesions of proliferative haemorrhagic enteropathy resemble changes in an acute bacterial infection of the intestine. This responseoccurs subsequent to and is superimposed on the chronic adenomatous changes which occur as a result of or are associated with the presence of Campylobacter sputorum subs. mueosalis in intestinal epithelial cells as seen in porcine intestinal adenomatosis.
Proliferative haemorrhagic enteropathy of pigs is a disease that may occur either sporadically or in outbreak form in pigs in many parts of the world. It is characterised by rapid onset of severe dysentery, and the mortality rate approaches 50%of affected pigs [2] . Pigs usually die within 24 hours of onset of clinical signs. The mucosa of the terminal ileum is typically very thick and ridged and the lumen is blood-filled. The bacterium Campylobacter sputorum subs. mueosalis has been isolated from affected intestines [2] . Epidemiological evidence suggests that the disease is caused by an infectious agent [2, 3] . It has been suggested [6] that porcine intestinal adenomatosis, necrotic enteritis, regional ileitis and proliferative haemorrhagic enteropathy have a common pathological and causative basis. The organism C. sputorum subs. mucosalis has been isolated from all four conditions and there are serological cross reactions between isolates from porcine intestinal adenomatosis and proliferative haemorrhagic enteropathy [4] . Despite these similarities, the clinical pictures seen in porcine intestinal adenomatosis and proliferative haemorrhagic enteropathy are quite different.
This paper reports some aspects of the pathology of the disease that are not seen in the related disease porcine intestinal adenomatosis. It is these differences that may account for the haemorrhagic crisis which in proliferative haemorrhagic enteropathy seems to be the end result of infection with C. sputorum subs. mucosalis.
Materials and Methods
Pigs examined came from a minimal disease piggery [2] and had shown clinical signs of infection for I to 24 hours. They were killed with a captive bolt device and autopsied immediately. Samples of intestine were placed into freshly prepared Carnoy's solution and into 10% formol saline for routine histological processing. Paraffin-embedded sections were stained with haematoxylin and eosin (HE), Giemsa and the Warthin-Starry method of silver staining. For electron microscopy, small sections of affected intestine were removed and placed into a drop of I% glutaraldehyde buffered with 0.1 mol/I cacodylate buffer, pH 7.4. After I minute when tissue had hardened, small (I mm") pieces of intestine were cut and fixed in 1% glutaraldehyde for 4 hours at 50 C. Tissue was then fixed in 1% osmium tetroxide in 0.1 mol/I cacodylate buffer (I hour at 50 C) and stained enbloc with 4% uranyl acetate (45 minutes at 50 C). The tissues were dehydrated through graded series of cold (50 C) alcohols and embedded in Spurr's resin. Sections 900 x 10-7 mm thick were stained with uranyl acetate and lead citrate and examined in a transmission electron microscope.
Results
Gross lesions in pigs that die of proliferative haemorrhagic enteropathy [7] include the reticulate appearance of the serosal surface of the ileum, thickening of the mucosa and extensive blood clots that fill the lumen of the affected intestine. Pigs killed as soon as clinical signs were seen, had lesions that were not apparent in pigs found dead from proliferative haemorrhagic enteropathy. Lesions included extensive edema of the mesenteric attachment of the affected part of the ileum and an abundant clear ascitic fluid. The lumen of the intestine contains blood-tinged fluid and the mucosal surface showed diffuse reddening. By about 12 hours after clinical signs were first noticed, the epithelium was covered by a fibrinous membrane and trapped between this membrane and the mucosal surface were discrete fresh blood clots up to 1 centimeter in diameter. The condition progressed until at 24 hours the intestinal lumen was filled with blood and a fibrin and blood cell cast covered the affected epithelium.
The histology of the intestine of pigs that die from proliferative haemorrhagic enteropathy has been described [7] . The changes seen early in the haemorrhagic crisis are not evident in pigs that die from the disease. The alterations were restricted to the mucosa of affected sections of the ileum. There was extensive accumulation of proteinaceous fluid in the interstitium and lacteals of the lamina propria at the tips of affected villi. This caused distortion of the villi in the area ( fig. 1 ). There was severe congestion of mucosal blood vessels, especially at the tips of the villi, but only a few red blood cells were free in the interstitium of the lamina propria and intestinal lumen. Extensive accumulations of eosinophils were seen throughout the mucosa. By 24 hours, the number of eosinophils had decreased significantly but there was an increase in the extent of congestion and haemorrhage in the epithelium and lamina propria and extensive haemorrhage had occurred into the intestinal lumen. With Warthin-Starry silver stain, curved organisms resembling campylobacters were seen in the apical cytoplasm of epithelial cells, within cells in vessels and free in tissue spaces of both the lamina propria and in the submucosa. Organisms were more abundant where less haemorrhage and exudation were apparent.
Electron microscopy of affected areas of the intestine showed cellular lesions in the epithelium similar to those found in porcine intestinal adenomatosis [5] . Intracellular bacteria of the morphology attributed to C. sputorum'subs mucosalis [5] were seen within the apical cytoplasm of the cells-and were about 2 to 3 X 0.3 micrometers ( fig. 2 ). The number of intracellular organisms varied. Some areas of adenomatous epithelium contained 'cells with many organisms while others had only a few. There seemed to be an inverse relationship between number of organisms and degree of microvillous formation of individual cells. The organisms were prominent and of normal morphology in epithelial cells during mitosis ( fig. 2) .
In cases of porcine intestinal adenomatosis [5] , the bacteria were restricted to the apical parts of the epithelial cells. In the intestines of pigs with proliferative haemorrhagic enteropathy, morphologically similar organisms were seen in apical parts of epithelial cells but also in other areas and situations within the mucosa and submucosa and in capillaries and lymphatics of the lamina propria. In the mucosa, cells with bilobed nuclei often contained bacteria within membrane-bound vesicles ( fig. 3 ). In some areas, cells in the lamina propria contained aggregations of organisms. These organisms were either within phagosomes or in discrete clumps in the cytoplasm of cells ( fig. 4 ). Some of these cells were still intact even though they contained organisms in various stages of phagocytosis. Other cells had lost their integrity and the area consisted of necrotic debris-most of which resembled cell organelles and phagosomes. Some of the necrotic debris resembled epithelial cells and bacteria were free within their cytoplasm. Bacteria were also free among the necrotic debris ( fig. 5 ). Effete, bacteria-laden epithelial cells were sometimes seen within phagosomes of other cells. Cells containing organisms in membrane-bound vesicles were seen commonly in all sections and were found in the lumen of the intestine, between epithelial cells and also in blood vessels. In areas where phagocytosed organisms were prominent, the adjacent adenomatous epithelial cells were usually devoid of intracellular bacteria. Organisms morphologically resembling C. sputorum subs. mucosalis were free also in the edematous subendothelial layers of blood vessels and also free within capillaries and lymphatics ( fig. 6 ). In areas of the intestine where these changes were evident, many mast cells (both intact and degranulated) and thrombosed blood vessels were seen. The thrombi consisted of compressed fibrin strands with entrapped red blood cells and aggregates of platelets ( fig. 7) . Some capillaries and smaller arterioles had lost the basal lamina and had wider than normal endothelial junctions. Sometimes there was close apposition of phagocytic cells containing bacteria and degranulated mast cells.
Discussion
The evidence accumulated suggests that proliferative haemorrhagic enteropathy is probably an infectious disease [2, 3] . The organisms (c. sputorum subs. mucosalis) isolated from porcine intestinal adenomatosis and from proliferative haemorrhagic enteropathy resemble each other biochemically and immunologically [4] . The recovery of the organism from proliferative haemorrhagic enteropathy, however, is much more difficult than it is from porcine intestinal adenomatosis [1] and the disease forms are different clinically and pathologically.
The pathology of proliferative haemorrhagic enteropathy suggests that an acute inflammatory response has occurred. These changes are in contrast to those of' porcine intestinal adenomatosis in which there is an absence of any inflammatory response [5] . This suggests a quite different genesis or progression of the disease process and may account, in part, for the acute onset or the haemorrhagic crisis in proliferative haemorrhagic enteropathy. It may account also for the decreased viability of the organisms in this disease form as indicated by difficulties in recovery of the organisms [l].
The finding of bacteria within mitotic cells is of considerable interest. Organisms are transmitted intracellularly during mitosis and in this way infection can persist without an extracellular component. While the infection persists in this manner, the humoral immune mechanism of the host has no access to the organisms-antibodies do not enter the cytoplasm of epithelial cells. Antigens released from degenerating epithelial cells in a sensitised animal, however, may trigger immediate and delayed hypersensitivity responses in the underlying tissues.
The pathology of proliferative haemorrhagic enteropathy is similar to that seen in other acute bacterial infections and also in type I hypersensitivity reactions, with evidence of mast cell degranulation, vascular congestion and increased permeability of blood vessels. The dilation of blood vessels causes a reduction in blood flow through the area. Vascular endothelial cells may be damaged by congestion to such a degree that further exudation and even escape of cells from blood vessels occurs.
A compromised blood flow may be more critical to the tips of villi, particularly in adenomatous areas. This may be the reason for their more extensive involvement in the lesions seen. Fibrin thrombi also occur as a result of a compromised blood supply and in turn exacerbate the situation by further reducing blood flow. The end result of this vascular lesion is extensive blood loss and necrosis of the intestinal mucosa. What causes the infected epithelial cells to be phagocytosed or to release their intracellular bacteria apparently leading to the haemorrhagic crisis, or both, is the subject of further investigations.
